Tissue regeneration is impaired in aged individuals. Adipose-derived mesenchymal stromal cells (ADSCs), a promising source for cell therapy, were shown to secrete various angiogenic factors and improve vascularization of ischemic tissues. We analyzed how patient age affected the angiogenic properties of ADSCs. ADSCs were isolated from subcutaneous fat tissue of patients with coronary artery disease (CAD; n = 64, 43-77 years old) and without CAD (n = 31, 2-82 years old). ADSC phenotype characterized by flow cytometry was CD90
INTRODUCTION
Cardiovascular diseases, including coronary artery disease (CAD), are the most frequent causes of mortality in most of countries, despite the prominent progress in conservative and surgical approaches to the stimulation of vascularization. Therapeutic angiogenesis based on the injection of gene constructs with growth factors or stem/progenitor cells into ischemic tissues provides an attractive, novel option to treat such diseases. Multipotent mesenchymal stromal cells (MSCs), derived from bone marrow or adipose tissue, are considered one of the most promising therapeutic agents for tissue regeneration because of their proliferation and differentiation potential, ability to stimulate angiogenesis, and immunologic privilege. Adipose tissue is an ideal source for MSCs because it is largely dispensable, and adipose-derived MSCs (ADSCs) are easily accessible in great amounts with minimal invasiveness compared with bone marrow-derived MSCs [1] . It was shown that local and systemic transplantation of ADSCs in animal models of hind limb ischemia and myocardial infarction (MI) led to an increase in the number of new blood vessels and improved blood perfusion within damaged tissue [2] [3] [4] [5] [6] [7] [8] [9] . In attempts to explain the ability of ADSCs to stimulate angiogenesis, different mechanisms are considered. First, these cells produce multiple angiogenic factors that activate migration and proliferation of endothelial cells and their progenitors for new vessel formation [2, 6, [9] [10] [11] . Second, ADSCs secrete plasminogen activators and matrix proteases that initiate extracellular matrix (ECM) remodeling. It is required for the migration of cells forming the vessel wall and the release of angiogenic factors sequestered in ECM [12] . Third, ADSCs might differentiate into smooth muscle cells and endothelial cells and stabilize newly formed vessels by functioning as pericytes [3, [13] [14] [15] . It is in line with the paradigm that MSCs localize in perivascular space within all tissues and play an important role in vascular network development and remodeling, both in normal and pathological conditions [16] .
Although ADSCs have already been used in several clinical trials of cell therapy for myocardial ischemia (e.g., ADVANCE, PRE-CISE, MyStromalCell Trial) [1, [17] [18] [19] [20] , their properties in patients with cardiovascular diseases are poorly investigated. Most of the data regarding ADSC regenerative potential were obtained from cells delivered from relatively healthy young donors; however, it was known that aging and disease itself may negatively affect MSC activities [21] [22] [23] [24] [25] [26] , including proliferation and differentiation potential [27] [28] [29] [30] as well as angiogenic properties [29, 31] . Because MSCs are considered to be components of the vessel wall and take part in its reparation after injury, their cellular modification due to aging can be an important pathogenic factor of agerelated diseases such as atherosclerosis, diabetes, and arterial hypertension [32] . Impairment of MSC angiogenic properties with age may cause lower effectiveness of autologous cell therapy in aged patients with CAD and chronic hind limb ischemia, the most feasible candidates for therapeutic angiogenesis using stem/progenitor cells.
The aim of the current study was to investigate how patient age affects the properties of ADSCs, with special emphasis on their ability to stimulate angiogenesis. We analyzed angiogenic properties of ADSCs in the cohorts of patients both with CAD and without cardiovascular pathology. The obtained results provide new insights into molecular mechanisms underlying the age-related decline of the therapeutic potential of stem/progenitor cells. Our findings are necessary to increase the effectiveness of autologous cell therapy and to develop novel approaches to the stimulation of endogenous regenerative processes.
MATERIALS AND METHODS

Patients
Subcutaneous adipose tissue samples (0.5-5 ml) were obtained from patients during various surgical procedures. Thirty-one patients without established cardiovascular diseases were included in the first group. They underwent surgery because of general surgical pathology (appendicitis, hernia), traumas, or hip and knee replacement. The second group comprised 64 patients with CAD (obliterating coronary stenosis confirmed by angiography, stable angina of New York Heart Association functional class II-IV) who underwent coronary artery bypass surgery at the department of cardiovascular surgery of the Russian Cardiology Research and Production Complex.
Exclusion criteria for both groups were autoimmune pathologies, cancer (including past history), acute or chronic inflammatory disease, acute MI in the previous month, heart failure (New York Heart Association functional class III-IV), decompensated diabetes mellitus (HbA1c $8%), long-term hormone or antibiotic therapy, anemia (Hb # 10 g/dl) and hematological disorders, or stroke or craniocerebral injury in the previous 12 months.
Additional special exclusion criteria for the first group (patients without CAD) were any evidence of CAD (based on standard clinical and instrumental examination) including MI or myocarditis, clinical signs of angina or heart failure, arrhythmias such as paroxysmal or permanent form of atrial fibrillation, frequent premature ventricular complexes, paroxysmal ventricular tachycardia, left bundle branch block, clinical manifestation of systemic atherosclerosis, severe dyslipidemia, severe arterial hypertension, valvular diseases, or pulmonary hypertension.
All procedures performed with tissue samples were approved by the ethics committee of the Russian Cardiology Research and Production Complex of the Russian Ministry of Health. Written informed consent for harvesting and using adipose tissue samples for research purposes was obtained from each patient.
Patients in both groups were distributed into cohorts by age according to World Health Organization classification (1963). Age cohort characteristics of patients with and without CAD are presented in Table 1 .
In both groups of patients, there were no statistically significant differences between age cohorts with regard to clinical characteristics, but it should be noted that groups of patients with and without CAD were disparate because of significant differences in gender, age, and other criteria. Consequently, we analyzed ageassociated changes of ADSC properties within each group of patients, without comparing them.
Isolation of ADSCs
Subcutaneous adipose tissue samples (0.5-5 ml) were homogenized and digested by collagenase I (200 U/ml; Worthington Biochemical, Lakewood, NJ, http://www.worthington-biochem. com) and dispase (40 U/ml; Sigma-Aldrich, St. Louis, MO, http://www.sigmaaldrich.com) solution under agitation for 30-40 minutes at 37°C. Then tissue was centrifuged at 200g for 7 minutes, and the supernatant was discarded. The pellet containing ADSCs was lysed to destroy erythrocytes, filtered through a sieve (BD Falcon Cell Strainer, 100 mm; BD Biosciences, San Diego, CA, http://www.bdbiosciences.com) and centrifuged at 200g for 5 minutes. The final pellet was resuspended in culture medium. The cells were cultured in standard conditions (5% carbon dioxide; 37°С) in Advance Stem Cell Basal Medium (ASCBM; HyClone, Logan, UT, http://www.hyclone.com) with 10% Advance Stem Cell Growth Supplement (HyClone), 100 U/ml penicillin/streptomycin, and 100 U/ml fungisone (HyClone). At 24 hours after isolation, nonattached cells were washed off, then medium was changed every 3-4 days. Cell yield was 4-7 3 10 4 of attached cells per milliliter of tissue. At the second passage, cells (70%-80% confluent) were washed in supplement-free ASCBM overnight, and then the medium was changed and ADSCs were incubated in supplement-free ASCBM for 48 hours. Conditioned medium was collected, supplemented with Protease Inhibitor Cocktail (1:500; Sigma-Aldrich), and frozen in aliquots at 270°С. ADSCs were harvested using HQtase (HyClone), counted, washed in phosphate buffered saline, and frozen in pellet at 270°С.
Analysis of Angiogenic Factors Accumulation in ADSC-Conditioned Medium by Enzyme-Linked Immunosorbent Assay
Vascular endothelial growth factor (VEGF), placental growth factor (PlGF), hepatocyte growth factor (HGF), angiopoetin 1 (ANGPT1), angiogenin (ANG), thrombospondin-1 (THBS1), endostatin (ENDS), and plasminogen activator inhibitor 1 (PAI-1) were measured in ADSC-CM using enzyme-linked immunosorbent assay (R&D Systems Inc., Minneapolis, MN, http://www. rndsystems.com) according to manufacturer instructions. The level of each protein was normalized to cell counts for each sample of conditioned medium.
In Vitro Tube Formation Assay
Effect of ADSC-CM on capillary-like tube formation by endothelial cells EA.hy926 on Matrigel (BD Biosciences) in vitro [33] was evaluated.
Data Analysis and Statistics
Statistical analysis was performed using SigmaStat 9.0 software (Systat Software Inc., Richmond, CA, http://www.systat.com). Values are expressed as mean plus or minus standard deviation for normally distributed data and as median and percentiles (25%-75%) for non-normal data. If normality of data were confirmed (according to the Kolmogorov-Smirnov test and ShapiroWilk's W test), comparison of independent groups was performed by Student's t test; if the data were not confirmed or if size of the analyzed sample was ,10 cases, comparison was performed by Mann-Whitney U criteria. Multiple comparisons were made using one-way ANOVA for normally distributed data and otherwise by Kruskall-Wallis test. For comparison of nominal variable distribution, the chi-square method was used. Correlation analysis was performed using Pearson correlation if both analyzed samples were normally distributed, otherwise the Spearman correlation was applied. Statistical significance was defined as a p value ,.05, and all reported statistical tests were two-tailed. Several graphs were generated using Statistica 6.0 software (StatSoft, Tulsa, OK, http://www.statsoft.com).
More detailed methods are presented in the supplemental online data.
RESULTS
ADSCs From Patients With Different Pathologies Keep MSC Characteristics During Chronological Aging
ADSCs isolated from patients of different ages and cultured to the second passage, as described previously, comprised a relatively homogenous population of cells with a fibroblast-like shape. These cells met all minimal criteria for defining MSCs according to the International Society for Cellular Therapy position statement [34] . ADSCs were positive for CD73 (.85%), CD90 (14) IV: 7 (39) IV: 10 (25) Myocardial infarction in past history, n (%)
4 (57) 13 (72) 26 (67) .63
Heart failure (NYHA class I-II), n (%) 0 (0) 6 (33) 11 (28) . 23 Hypertension, n (%) 5 (72) 16 (89) 33 (85) .56 Smoker, n (%)
4 (57) 9 (50) 19 (49) .92 Obesity, n (%)
3 (43) 13 (89) 4 (57) 13 (72) 21 (54) .65 Type 2 diabetes, n (%)
2 (29) 10 (55) 16 (41) .41 Glucose intolerance, n (%) 1 (14) 5 (28) In patients without CAD, age ranges were as follows: group 1, 0-18 years; group 2, 30-59 years; group 3, $60 years. In patients with CAD, age ranges were as follows: group А, 40-49 years; group B, 50-59 years; group C, $60 years. Abbreviations: ACE, angiotensin-converting enzyme; CABG, coronary artery bypass grafting; CAD, coronary artery disease; NYHA, New York Heart Association.
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(.95%), and CD105 (.95%), with no or low expression of CD14 (,10%), CD19 (,10%), CD34 (,5%), CD45 (,1%), and CD79 (,10%). These cells also expressed pericyte markers like NG2 and PDGFRB, which agreed with a concept of this type of progenitor as perivascular cells. ADSCs isolated from patients of different ages did not differ by immunophenotype. A defining characteristic of MSCs is an ability to differentiate into adipocytes, osteoblasts, and chondroblasts. ADSCs from each group of patients demonstrated similar abilities for bone mineralization and neutral lipid accumulation in the appropriate culture medium and conditions, thus confirming their multipotency (data not shown).
ADSC From Aged Patients Acquire the Characteristics of Aging
Chronological aging is associated with several cell "biomarkers" such as telomere shortening, attenuated telomerase activity, and increased expression of cell cycle inhibitors leading to the decrease of proliferation activity [21, 35, 36] . We evaluated relative telomere length (as previously described [37] ) and telomerase activity of ADSCs from patients with and without CAD. We observed significant negative correlation between relative telomere length and age of patients without cardiovascular pathology (r = 20.47, p = .03). In cells isolated from patients with CAD, the observed correlation was even more prominent (r = 20.6, p = .006) (Fig. 1A, 1B) .
Telomerase activity in ADSCs obtained from patients with and without CAD was approximately fivefold lower than in HeLa cells, which served as a control in this test. Measurement of telomerase activity in ADSCs did not reveal significant changes between age subgroups or any significant correlation between telomerase activity and patient age, probably because of high variability between samples. Among patients without cardiovascular pathologies, average telomerase activity tended to decrease in ADSCs from patients older than 60 years compared with patients 30-59 years old (3.5-fold lower, p = .07) (Fig. 1C ). For patients with CAD, the trend was similar but the differences between age subgroups were nonsignificant (Fig. 1D ). In addition, no significant association was detected between telomerase activity and relative telomere length in both groups of patients.
ADSCs From Aged Patients Have Impaired Angiogenic Potential
Considering that the ability of ADSCs to stimulate blood vessel growth is mainly mediated by paracrine mechanisms through the production of various angiogenic factors, we analyzed angiogenic activity of summary products secreted by ADSCs on the model of capillary-like tube formation by endothelial cells on Matrigel. ADSC-CM stimulated formation of capillary-like tubes, but this effect essentially decreased with the ages of patients both with and without CAD (Fig. 2) . Impairment of angiogenic activity of ADSCs from older patients was confirmed by the significant negative correlation between total tube length and patient age in both groups (r = 20.68, p = .01 for patients without CAD; r = 20.38, p = .02 for patients with CAD).
To reveal which angiogenic factors are involved in ADSC angiogenic activity decreasing with age, we analyzed gene expression of various angiogenesis-related factors in ADSCs by real-time polymerase chain reaction. According to the results of correlation analysis, we did not observe significant age-associated changes in gene expression of VEGF, PlGF, HGF, basic fibroblast growth factor, ANGPT1, and ANG (data not shown).
Considering that the level of secreted factors is more essential for paracrine effects of ADSCs on angiogenesis, we evaluated accumulation of key proangiogenic factors in the conditioned medium from ADSCs. We found that ADSCs obtained from older patients with CAD secreted significantly fewer amounts of VEGF, HGF, and ANG, and similar changes were observed for ANGPT1 as a tendency (p = .07) ( Table 2 ). Correlation analysis also showed statistically significant negative correlation between the level of proangiogenic factors (VEGF, PlGF, HGF, ANG) and the age of patients with CAD ( Fig. 3A-3E ). Because chronic ischemic heart disease itself may negatively affect ADSC properties, we analyzed whether ADSC ability to secrete angiogenic factors declined with the age of patients without cardiovascular pathologies. We found that the level of proangiogenic factors secreted by ADSCs from patients without CAD also negatively correlated with age: VEGF: r = 20.42, p = .02; PlGF: r = 20.59, p = .01; HGF: r = 20.59, p = .03; ANG: r = 20.66, p = .005.
Interestingly, the most prominent correlation between total tube length as an indicator of ADSC angiogenic activity and the level of factor was observed for ANG in the group of patients without CAD (r = 0.66, p = .05) and for ANGPT1 in the group of patients with CAD (r = 0.77, p , .0001) (Fig. 4A) . In addition, levels of other proangiogenic factors secreted by ADSCs obtained from patients with CAD significantly correlated with total tube length (VEGF: r = 0.51, p , .0001; HGF: r = 0.65, p , .0001; ANG: r = 0.66, p , .0001) (Fig. 4B-4D) .
Because angiogenesis is regulated by the balance between pro-and antiangiogenic mediators, we proposed that some antiangiogenic factors could contribute to the age-associated impairment of ADSC angiogenic activity. We analyzed gene expression of THBS1 and ENDS in ADSCs as well as their secretion by the cells to the conditioned medium (Table 2 ). There were no statistically significant correlations between the production of these factors by ADSCs and the age of patients both with and without CAD, at least for THBS1 (Fig. 3F) .
ECM remodeling as well as directed migration of vascular cells are also crucial for successful angiogenesis. These processes are controlled by several factors including urokinase-type plasminogen activator (uPA) and its receptor (uPAR), PAI-1, and matrix metalloproteases (MMP). We found that gene expression of uPA, uPAR, and PAI-1 significantly increased in ADSCs from aged patients with CAD ( Fig. 5A-5C ) but not in patients without cardiovascular pathologies (data not shown). We failed to show that ADSCs from older patients with CAD produced more PAI-1 to conditioned medium than ADSCs from younger patients (Fig. 5D); however, we confirmed age-associated increase of uPAR expression on the surface of ADSCs from patients with CAD by flow cytometry (Fig. 5E, 5F) . Surprisingly, we found that level of PAI-1 in ADSC-CM positively correlated with the angiogenic activity of ADSCs measured as total tube length (r = 0.44, p = .003).
DISCUSSION
Stem/progenitor cells mediate lifelong physiological renewal and regeneration of tissues. Attenuated regeneration potential of aged organisms might be caused by age-associated changes of stem/progenitor cell activity. It was demonstrated that both intrinsic and extrinsic mechanisms are involved in the normal and pathological aging of stem/progenitor cells including MSCs. Bone marrow-derived MSCs from older donors were shown to have worse proliferation and differentiation capacity [21, 22, 27, 38] and were less effective for tissue repair after ischemic injury (e.g., on the animal model of MI) [25, 38] . In contrast to bone marrow-derived MSCs, the number of ADSCs in fat tissue evaluated by flow cytometry does not decrease with age [39, 40] , but their clonogenic and proliferation capacity declines [28-30, 39, 41] , as does production of VEGF by aged ADSCs [31] .
We have previously shown that ADSCs isolated from old mice (18 months), along with acquiring the properties of aged cells (shorter telomeres, higher rate of apoptotic cells, less proliferative capacity, enhanced oxidative damage), have an impaired ability to stimulate blood vessel growth in in vitro and in vivo models of angiogenesis compared with ADSCs from young animals (1-2 months) [42] . In the current study, we analyzed age-associated changes in human ADSCs obtained from both patients without cardiovascular pathology and patients with CAD as a cohort of the most obvious candidates for cell therapy. At the present stage of the study, we were not able to compare these two groups because of significant differences in age and gender. We investigated how ADSC properties change with age within every group.
ADSCs were characterized by flow cytometry for the presence of commonly identified cell-surface markers for MSCs and were consistent with the commonly accepted profile [34] . There were Efimenko, Dzhoyashvili, Kalinina et al.
no discernible age-associated changes in MSC marker profiles and ADSC differentiation potential, which correlated with results of Pandey et al. [43] .
We found that ADSCs from older patients had some cell characteristics of aging. One was relative telomere length indicating the number of cell divisions. Telomere shortening is considered to be the main causal mechanism for replicative cell senescence, and age-associated telomere damage, diminution of telomere "capping" function, and associated p53 activation have emerged as prime instigators of tissue stem/progenitor cell functional decline [36] . We showed that ADSCs from older patients both with and without CAD had shorter telomeres compared with younger patients and thus confirmed that ADSCs did age during life.
Telomerase is a specific enzyme responsible for maintenance of telomere length, but it also has some telomere-independent functions. Telomerase activity was shown to be the highest in stem and tumor cells and was detected to a certain degree in many kinds of progenitor cells. Its activity is repressed as stem cells start to differentiate [35] . We detected telomerase activity in ADSCs but did not observe its significant reduction with age despite the telomere shortening in ADSCs from older patients. Perhaps there are several subpopulations of ADSCs that vary in telomerase activity, and their balance changes primarily under the influence of aging and pathology. Thus a small subpopulation of cells with relatively high telomerase activity could persist among ADSCs from older patients and garble the summary measurement. In group 1, the presented result for all factors except VEGF and HGF was obtained from one adipose-derived mesenchymal stromal cell sample (patient K, 2.5 years old), and statistically significant differences between groups 2 and 3 for all factors were not observed. b Group B vs. group C. Abbreviations: ANG, angiogenin; ANGPT1, angiopoetin 1; ENDS, endostatin; HGF, hepatocyte growth factor; PAI-1, plasminogen activator inhibitor 1; PlGF, placental growth factor; THBS1, thrombospondin-1; VEGF, vascular endothelial growth factor. A key mechanism of ADSC therapeutic action is the production of various paracrine factors stimulating angiogenesis and activating endogenous reparation in damaged tissues [2, 4-6, 10, 11, 17, 18] . The role of specific angiogenic factors secreted by ADSCs in realizing their angiogenic potential is poorly studied. To our knowledge, we are first to show that production of different proangiogenic factors such as VEGF, PlGF, HGF, ANGPT1, and ANG by ADSCs from patients both with and without CAD decreases with age, causing reduction of angiogenic activity. It should be noted that ageassociated differences in gene expression of proangiogenic factors were not found, indicating that post-transcriptional mechanisms could underlie the decrease of angiogenic factors secretion by ADSCs from older patients, such as regulation by microRNA [24, 30, 43] and age-associated protein misfolding.
The most significant correlation with age of patients in both groups was observed for ANG, which belongs to the family of ribonucleases with specific biological functions and has angiogenic activity. It stimulates endothelial cells proliferation and promotes capillary-like tube formation in vitro [44] , which correlates with our data. ANG in complex with actin also induces endothelial and smooth muscle cell invasion by activating cell-associated proteases [45] . It should be noted that the most prominent correlation between ADSC angiogenic activity and level of factor was observed for ANG in the group of patients without CAD but for ANGPT1 in the group of patients with CAD.
ANGPT1, a ligand for the Tie-2 receptor, is a crucial factor for angiogenesis both in normal and pathological conditions because it regulates vessel stabilization, maturation, and remodeling [46, 47] . ANGPT1 has been shown to promote collateral vessel development in tissue ischemia, and coadministration of ANGPT1 and VEGF enhances collateral vessel formation in animal ischemic models [47, 48] . Overexpression in the skin of VEGF alone yielded mice with evidence of leaky vessels, whereas coexpression of ANGPT1 resulted in leakage-resistant vessels [49] . Taken together, the ability of ADSCs to secrete both VEGF and other angiogenic factors including ANG and ANGPT1 provides their angiogenic activity, but production of these factors declines with age, causing the impairment of ADSC angiogenic potential.
Age-associated decrease of ADSC angiogenic activity could also be explained by activation of antiangiogenic factor production by cells from aged patients. One of the potent antiangiogenic factors is ENDS, the C-terminal fragment of collagen XVIII, which significantly modulates the gene expression pattern in endothelial cells and inhibits their proliferation [50] . Another factor, THBS1, inhibits angiogenesis through direct effects on endothelial cell migration, proliferation, survival, and apoptosis and by antagonizing the activity of VEGF [51] . However, we could not find significant age-related changes of THBS1 and ENDS gene expression or secretion by ADSCs, so it is unlikely that they could cause the impairment of ADSC angiogenic properties with age.
In analyzing the expression of factors involved in ECM remodeling and vascular cell migration and invasion, we revealed that mRNA levels of uPA, uPAR, and PAI-1 as well as uPAR surface expression were higher in ADSCs from older patients. These results Efimenko, Dzhoyashvili, Kalinina et al.
are consistent with those that we previously obtained with ADSCs from young and old mice [42] . Urokinase, a multidomain protein, not only specifically cleaves plasminogen and converts it into plasmin, particularly causing activation of different MMPs, but also initiates intracellular signaling on binding to its receptor on the cell surface and therefore plays multiple roles in vascular remodeling and angiogenesis [52] . It was demonstrated that the uPA system represented an essential regulatory mechanism in growth factor-induced endothelial cell migration and invasion. Consequently, VEGF, FGF2, and HGF induced PI3K-dependent activation of pro-uPA when bound to uPAR, and this led to an increase in cell surface fibrinolytic activity followed by uPAR internalization and redistribution [53] . uPA gene transfer effectively induces functionally significant angiogenesis in models of acute MI and hind limb ischemia [54] . Therefore, we can speculate that activation of the uPA system in ADSCs from older patients might be a compensatory response to the reduction of proangiogenic factor secretion. It was shown that uPA and uPAR downregulation suppresses angiogenesis in endothelial cells partially by downregulation of angiogenin and inhibition of the angiopoietin-1/ AKT/FKHR pathway, and treatment of endothelial cells with recombinant uPA increased ANG secretion [55] .
PAI-1 controls the activities of uPA/plasmin/MMP proteolytic activities and thus maintains the tissue homeostasis, also it has a great impact in pathogenesis of multiple age-related diseases like cardiovascular pathologies and tumors [56, 57] . Increased PAI-1 expression in adipose tissues plays a significant role in cardiovascular diseases and obesity. Insulin as well as transforming growth factor b (TGFb) stimulates PAI-1 in adipocytes in an ERK1/ 2 MAPK-and PKC-dependent manner [58] . TGFb also increases PAI-1 expression in human lung fibroblasts [59] and human vein endothelial cells [60] through activation of Nox4 and reactive oxygen species production. Because TGFb expression and reactive oxygen species production are activated in aged MSCs [22, 42] , it could explain increasing PAI-1 expression with age. Devy et al. demonstrated that PAI-1 could act as an antiangiogenic factor if presented in micromole concentrations, but in fewer concentrations (up to 100 ng/ml), it stimulated angiogenesis and tumorigenesis [61] . In our study in ADSC-CM, PAI-1 presented in concentrations ,100 ng/ml, which explained its positive correlation with ADSC angiogenic activity. We did not observe a significant increase in PAI-1 secretion with age. More detailed analysis of clinically different subgroups of patients with CAD is likely necessary to reveal such trends.
CONCLUSION
We demonstrated that ADSCs from older patients kept MSC characteristics but acquired some properties of senescent cells. Moreover, aging could essentially affect the angiogenic potential of ADSCs obtained from patients both with and without CAD. This could restrict the effectiveness of autologous cell therapy with ADSCs and require testing of cell material before use as well as development of effective approaches to pretreatment or modification of ADSCs from older patients [42, 62, 63] to enhance therapeutic potential. 11-04-01850-a) . The sponsors were not involved in the study design; in the collection, analysis, and interpretation of data; in the writing of the report; or in the decision to submit the article for publication. We thank Dr. I.O. Golubev and Dr. V.I. Makunin for valuable help in delivery of fat tissue samples from patients without cardiovascular pathology. We also thank G.V. Sharonov for performing flow cytometry, E.E. Starostina and E.V. Gluhanyuk for their contribution to data collection, and the staff of the Faculty of Medicine of Lomonosov Moscow State University for assistance with this study.
ACKNOWLEDGMENTS
AUTHOR CONTRIBUTIONS
A.E.: conception and design, collection and/or assembly of data, data analysis and interpretation, manuscript writing, final approval of manuscript; N.D.: conception and design, collection and/or assembly of data, data analysis and interpretation, final approval of manuscript; N.K.: conception and design, financial support, data analysis and interpretation, final approval of manuscript; T.K.:
collection and/or assembly of data, data analysis and interpretation, final approval of manuscript; R.A.: administrative support, provision of study material or patients, final approval of manuscript; V.T. and Y.P.: conception and design, financial support, administrative support, data analysis and interpretation, final approval of manuscript.
DISCLOSURE OF POTENTIAL CONFLICTS OF INTEREST
A.E., N.D., N.K., T.K., V.T., and Y.P. have compensated employment from Lomonosov Moscow State University and compensated research funding. R.A. has compensated employment from Russian Cardiology Research and Production Complex.
